Without gap junctions, neurons (green) fail to migrate (left). Migration is restored (right) by junctions that adhere but have a closed pore. Mitochondria (white, bottom) move toward the immune synapse (right) to help prevent calcium from closing calcium channels.
A rendezvous among mitochondria and the juncture between immune cells is needed to jumpstart T cells, according to results from Ariel Quintana, Markus Hoth, and colleagues (Saarland University, Homburg, Germany). The mitochondria soak up calcium to keep nearby calcium channels open.
Calcium fl owing into a T cell that has met an antigen-presenting cell turns on transcription factors that activate the T cell. The calcium enters through channels in the plasma membrane that then close when calcium levels rise. For the channels to stay open long enough for an effective signal, mitochondria have to soak up some of this infl ux. The new results show that, to be successful sponges, mitochondria have to be in the right place.
That place is the meeting point, called the immune synapse, between the T cell and its antigenpresenting partner. This ring of receptors and adhesion molecules links the cells while the T cell becomes activated. The authors found that synapse formation was followed by relocation of T cell mitochondria to the synapse membrane.
Mitochondria snuggled up to within 200 nm of the plasma membrane, leading the authors to suspect that a physical linkage might exist. This huddle was needed for maximum calcium infl ux and T cell activation.
As in other cell types, T cell mitochondria required microtubule tracks for their travels. But actin was also necessary. Cortical actin is reorganized during synapse formation and might pull microtubule tracks into position to aim mitochondria in the right direction. Whether T cells regulate this migration-perhaps blocking it to avoid activation-is not yet clear.
In cells in which a few mitochondria avoided the journey, calcium was mainly taken in by those that made the trip. This mopping up redistributes the calcium elsewhere, away from the calcium-sensitive channels. "I guess that means the channels are also at the synapse," says Hoth. Concentrating calcium infl ux at the synapse might point vesicle fusion (a calciumdraining activity) toward the attached cell-a handy way to localize the secretion of cytokines by T helper cells or cytotoxic granules by killer T cells. G ap junctions, known communications experts, are also skilled at adhesion, based on results from Laura Elias, Doris Wang, and Arnold Kriegstein (University of California, San Francisco, CA).
Although they're famous for relaying small signaling molecules such as ions and ATP, gap junctions also display some sticky behavior: they form through the adhesion of two aligned hemichannels on adjacent cells. And yet, says Kriegstein, "an adhesive function for gap junctions has been overlooked."
Brain cells of mice lacking a gap junction subunit called connexin43 have developmental migration delays in vivo. The defects have been assumed to be caused by faulty intercellular communications.
Kriegstein's group was also interested in migrating brain cells-in particular, radial glial cells, which give birth to neurons that migrate outwards, using the long fi bers of radial glial cells as tracks. They had noticed that both fi bers and neurons express gap junction proteins that might help migration. They now show that these proteins form junctions at contact points between the cells.
Loss of this connection, via knockdown of connexins, interfered with the neurons' outward migration. But a communications breakdown was not at fault: migration was restored by replacing the lost junction proteins with versions that adhered but had a closed pore. And interfering with pore communication by blocking calcium waves did not stop normal migration.
Brain cells probably don't hold the patent on gap junctions as bonding agents. "Gap junctions are nearly ubiquitous in developing cell types and adult cells as well," says Kriegstein. "It's worth exploring whether they have adhesive roles in these systems." Connexins found in lung tumor cells, for instance, might help them spread out.
And back in the brain, an adhesive function might explain the basis for Charcot-Marie-Tooth syndrome, which is caused by an abnormal connexin. In this disease, the myelin sheath of peripheral nerves withdraws, almost as if it is unwrapping.
